Abstract Through large-scale sequencing of clones randomly selected from libraries of human cDNAs, we have isolated a novel human gene encoding a product with 59.6% identity in amino acid sequence to human MTA1, a protein associated with tumor invasion and metastasis. This cDNA, named MTA1-L1 (MTA1 like 1), consists of 2736 nucleotides with an open reading frame encoding 668 amino acids. A single 3.0-kb transcript of MTA1-L1 was expressed ubiquitously on Northern blots. Structural analysis of the MTA1-L1 gene revealed 18 exons spanning 8.1 kb of genomic DNA. We assigned the MTA1-L1 locus to chromosomal band 11q12-13.1 by fluorescence in situ hybridization.
Introduction
A metastasis-associated gene, MTA1, was originally isolated by differential screening of a cDNA library using a rat mammary adenocarcinoma metastatic system (Toh et al. 1994 (Toh et al. , 1995 . To evaluate the relevance of the human homologue of MTA1 in progression of carcinoma in humans, Toh et al. (1997) examined levels of MTA1 mRNA in colorectal and gastric carcinomas and showed that overexpression of the MTA1 gene correlated with tumor invasion and the presence of metastases. They suggested that an increase in MTA1 mRNA might serve as an indicator for assessing the malignant potential of colorectal and gastric carcinomas.
As part of our human genome project, we have been determining nucleotide sequences of randomly selected cDNA clones and comparing them with a public database to identify novel genes that are likely to possess biologically important functions and/or might be associated with human diseases (Isomura et al. 1996; Tanaka et al. 1996) . Here we describe the isolation, mapping, and characterization of a novel gene, MTA1-L1, whose product shows significant homology to MTA1.
Materials and methods

Isolation of MTA1-L1 cDNA
The 5Ј portions of cDNA clones randomly selected from a human adult-heart cDNA library were sequenced as part of the human genome project (Sudo et al. 1994, and unpublished data) . Using FASTA (Pearson and Lipman 1988) and Basic Local Alignment Search Tool (BLAST, NCBI database) programs against a public database, we identified a cDNA fragment highly homologous to MTA1. To isolate its full-length cDNA, we screened the same library using the fragment as a probe, and determined nucleotide sequences of positive clones with an ABI Prism 377 DNA sequencer (Applied Biosystems, Foster City, CA, USA). Computer-assisted analysis of the deduced amino acid sequence was performed using MotifFinder (Kyoto University, Japan) and PSORT (Osaka University, Japan) software programs.
Northern blot analysis
Northern blots containing poly(A)ϩ RNA from 16 normal human tissues were purchased from Clontech (Palo Alto, CA, USA). The blots were hybridized with the randomprimed, 32 P-labeled cDNA probe according to the supplier's recommendations. The blots were washed with 0.1 ϫ stanManabu Futamura · Hiroyuki Nishimori Takayuki Shiratsuchi · Shigetoyo Saji · Yusuke Nakamura Takashi Tokino Fig. 1 Characterization of full-length MTA1-L1 cDNA. Nucleotide sequence of the MTA1-L1 cDNA (accession number AB016591) and the deduced amino acid sequence of the MTA1-L1 protein (one-letter code) are shown. Polyadenylation signal (AGTAAA) is underlined, and termination codon (TGA) is indicated by an asterisk. Possible phosphorylation sites for tyrosine kinase (TYK), protein kinase C (PKC), and casein kinase 2 (CK 2) are indicated, as well as a putative leucine zipper (LEU) and a zinc-finger (ZIN) DNA-binding motif dard saline citrate (SSC), 0.1% sodium doclecylsulfate (SDS) at 65°C, and exposed for autoradiography at Ϫ80°C for 72 h.
Structural analysis of the MTA1-L1 gene
A genomic cosmid clone (cosMTA1-L1) was isolated by screening a human cosmid library with a clone of MTA1-L1 cDNA (Sambrook et al. 1989) . Sequencing of the human insert confirmed the cDNA sequence and determined the structure of the entire MTA1-L1 gene, including the promoter region and the introns.
Fluorescence in situ hybridization (FISH)
We performed FISH using the cosmid clone as a probe, as previously described (Inazawa et al. 1993) . For denaturation of the G-banding pattern, we prepared metaphase chromosomes by thymidine synchronization and bromodeoxyuridine release. Before hybridization, metaphase cells were stained with Hoechst 33258 (Sigma, St. Louis, USA) and irradiated with ultraviolet light. The probe was labeled with biotin-16-2Ј-deoxy-uridine-5Ј-triphosphate (dUTP) (Boehringer, Mannheim, Germany) by nick translation and hybridized to the denatured chromosomes. Hybridization signals were detected with FITC-avidin (Boehringer). Precise assignments of the signals were determined by visualization of the replicated G-bands.
Results and discussion
Among the cDNA clones randomly selected from an adultheart cDNA library, one revealed significant homology to the human MTA1 gene. To isolate a full-length cDNA, we screened the same cDNA library (1 ϫ 10 6 clones) using the (Fig. 1) . Since Northern-blot analysis with a MTA1-L1 cDNA probe identified a single 3.0-kb transcript in all the adult human tissues examined ( Fig. 2A) , we estimated that the nucleotide sequence for MTA1-L1 shown in Fig. 1 encompassed almost the full-length cDNA. The expression pattern of this novel gene was ubiquitous and strong not only in testis but also in lung, spleen, and thymus in the human tissues, in contrast to that of MTA1 in the rat, in which expression is strong in the testis but weak in other normal tissues, including brain, heart, lung, liver, and kidney. The functions of MTA1 and MTA1-L1 are probably redundant, but these two genes may be expressed in a cell-specific manner.
From a human genomic cosmid library we obtained one cosmid (cosMTA1-L1) containing the MTA1-L1 gene. Sequencing of the human insert revealed that the MTA1-L1 gene spanned approximately 8.1 kb of genomic DNA and consisted of 18 exons (database accession number for the entire genomic sequence, AB012922). Using cosMTA1-L1 as a probe, we performed FISH to determine the chromosomal location of MTA1-L1. Specific doublet signals were observed on both copies of chromosome 11 at band q12-13.1 (Fig. 2B) .
Computer-assisted analysis of the amino acid sequence predicted that MTA1-L1 would contain neither an Nterminal signal sequence for transfer into the endoplasmic reticulum nor a hydrophobic domain characteristic of transmembrane proteins (Kyte and Doolittle 1982) . However, several potential phosphorylation sites were present (Fig.  1) . A data-base homology search revealed the similarity of predicted amino acid sequences of the MTA1-L1 gene product to the MTA1 proteins of rat (58.6% identity) and human (59.6%) (Fig. 3) . The deduced MTA1-L1 protein contains 13 dispersed cysteine residues that may be capable of forming intra-and/or inter-molecular disulfide bonds to stabilize the protein structure; 11 of these cysteine residues are conserved in rat and human MTA1. The potential phosphorylation sites and a zinc-finger domain as a DNAbinding motif (amino acid residues 367-394) are imperfectly conserved between MTA1 and MTA1-L1. However, a putative leucine-zipper motif in MTA1-L1 (amino acid residues 231-252) is not present in MTA1 (Fig. 1) .
The MTA1-L1 product also contains a region (amino acid residues showing 40% homology to the Xenopus ER1 (early response 1) protein, and another region (amino acid residues 262-316) with 30% similarity to ER1 and to the Caenorhabditis elegans MTA1-like sequence (Fig. 3) . ER1 had been isolated as a novel gene whose expression increased in Xenopus embryo explants during mesoderm development induced by fibroblast growth factor (Paterno et al. 1997) . ER1 is thought to function as a transcription factor; as its essential region for transactivation is conserved in MTA1-L1 (Fig. 3) , MTA1-L1 may also be a transcription factor. In any event, the data reported here suggest that MTA1-L1 is a member of a conserved multi-gene family and that it could play a role in cancer invasion and metastasis.
